Introduction
Estimates have been made of the protein synthetic capacities (see Epstein, 1975) and total protein contents (Brinster, 1967; Schiffner & Spielmann, 1976) of preimplantation mouse embryos. The interpretation of studies of protein synthesis can be complicated by alterations of the amino acid pool sizes at various stages and under various conditions (see Brinster, 1971; Epstein & Smith, 1973) . There have been few studies to date on absolute protein contents and total amino acid pool sizes in early rodent embryos because of the paucity of material. The use of the fluorescamine procedure for protein analysis by Schniffner & Spielmann (1976) reduced the number of preimplantation rodent embryos required for a single determination from 50 or more (Brinster, 1967) to as few as 30. However, Schiffner & Spielmann (1976) hydrolysed the protein before analysis with fluorescamine as described by Bohlen, Stein, Dairman & Udenfriend (1973) and therefore measured amino acids from proteins and amino acids from endogenous pools. This should not cause a serious discrepancy if these pools are low relative to the total amino acid content of proteins, but there is no information about the total amino acid pool size in early rodent embryos. Moreover, serum (Brinster, 1967) or bovine serum albumin (BSA) (Schiffner & Spielmann, 1976) was used as the standard for determination of absolute amounts of protein per embryo. This can lead to distorted values by both the Folin and fluorescamine assays if the proportion of the various amino acids in embryo protein is significantly different from that in the proteins used as standards, since different amino acids react to various degrees with the reagents used (Lowry, Rosebrough, Farr & Randall, 1951;  Stein, Chang, Bohlen, Imai & Udenfriend, 1974) .
We have therefore measured simultaneously protein contents and free amino acid pools of preimplantation embryos and of blastocysts cultured under various conditions. In the calculation of the absolute values of protein content, we have taken into account the amino acid composition of total embryo proteins.
Materials and Methods

Embryos
Embryos were obtained from SWR/J (Jackson Laboratory, Bar Harbor, Maine) females which had been induced to superovulate (Runner & Palm, 1953) (Brinster, 1967) Dulbecco & Vogt, 1954) supplemented with 10 mg polyvinylpyrrolidone/ml.
Embryo culture
All cultures were carried out in 3 ml medium in 35 mm tissue culture plastic dishes (Falcon, Oxnard, CA) and maintained at 37°C in an humidified atmosphere containing 5% C02. Preimplantation embryos were cultured from the 2-cell stage in the preimplantation culture medium (Medium 1) of Goldstein, Spindle & Pedersen (1975) in which about 90% of the embryos reach the blastocyst stage within 72 h. Blastocysts were cultured in a variety of media described by Sellens & Sherman (1980) Because the fluorescamine reagent measures primarily lysine residues in intact proteins, it was necessary to correct for differences in lysine content between BSA and embryo proteins. Accordingly, the amino acid composition of 1-cell embryos, mid-blastocysts and embryo outgrowths on equivalent gestation Day 10 were analysed by the method of Stein et al (1974) .
From the lysine contents obtained, 6-6, 6-8 and 7-2%, respectively (M. Sellens & L. Brink, unpublished) , values for the average lysine contents of preimplantation embryo and cultured blastocyst proteins were 6-7 and 7-0%, respectively. Since the lysine content of bovine serum albumin is 10-1% (Alexander & Lundgren, 1966) , a correction factor of 1-51 (10· 1/6-7) was used for preimplantation embryos and a correction factor of 1-44 (10-1/7-0) was used for post-blastocyst stages in calculating protein contents by comparison with known concentrations of bovine serum albumin.
Estimates of free amino acid contents based on peak heights were made by a comparison with known amounts of a mixture of amino acids approximating proportions calculated for 4th-day blastocyst hydrolysates (M. Sellens & L. Brink, unpublished) . The percentage of each amino acid in the mixture was as follows: alanine, 6-1; arginine, 4-9; aspartic acid, 8-1; cysteine, 2-9; glutamic acid, 12· 1; glycine, 6-3; histidine, 2-2; isoleucine, 5-9; leucine, 11-2; lysine, 6-8; methionine, 0-8; phenylalanine, 4-1; serine, 5-1; threonine, 4-7; tyrosine, 2-8; and valine, 11-0. The mixture also contained proline at an average estimated value of 5-0% since this amino acid is not measurable by the analysis used.
Results
As shown in Table 1 , the average protein content decreased after fertilization and continued to drop throughout preimplantation stages. The projected protein content of the zona pellucida at the mid-blastocyst stage (determined from the difference between embryos before and after removal of the zona), 3-9 ng, was more than twice that proposed by Loewenstein & Cohen (1964) but similar to the value (4-5 ng) reported for the zona pellucida of mature mouse oocytes (Schultz & Wassarman, 1977 Table 1 ).
detectable levels by this time (Text-fig. 3b ). The amino acid/total protein ratios rose dramatically within the first 24 h in all media with the exception of Medium 2 (Text- fig. 3c ). Thereafter, the ratios fell, eventually to values below pre-culture levels, in every case. However, the ratio in embryos cultured in Medium 3 fell more gradually than that in embryos developing in Medium 4.
Discussion
We have described above a rapid and sensitive procedure for the simultaneous measurement of total protein and free amino acid contents in early mouse embryos. Groups of 3 or more preimplantation embryos and single post-implantation stage embryos can be analysed, each determination requiring less than 8 min.
Although peptides with molecular weights less than 6000 should theoretically be retarded by BioGel P6 columns, we believe that the contribution of such peptides to the fluorescence associated with the amino acid peak is minimal for the following reasons: (a) as a rule, proteinaceous material binds more than an equal weight of sodium dodecyl sulphate, so that peptides will have anomalously high molecular weights when chromatographed under our conditions (Reynolds & Tanford, 1970) ; (b) peak heights were essentially unchanged when samples were chromatographed on BioGel P2 (exclusion molecular weight limit of 2000) instead of P6 (unpublished observations); and (c) our assay is designed to react only with free amino groups of proteins and peptides. It is therefore likely that only very low molecular weight (probably <1000) peptides would have co-chromatographed with free amino acids in our analyses, and those peptides which were present, upon reaction with fluorescamine at pH 9-3, would be substantially less fluorescent than free amino acids on a molar basis.
In general, the protein values obtained for preimplantation embryos agree with those published earlier by Brinster (1967) and Schiffner & Spielmann (1976) . The value for unfertilized ova corresponds closely with that reported (30 ng) by Schultz & Wassarman (1977) . Our reproducibility (average % s.d. = 7-8) was marginally better than that obtained by and much better than that reported by .
Values for 'late' blastocysts tend not to be in good agreement from one study to the next (Brinster, 1967; Weitlauf, 1973; Schiffner & Spielmann, 1976;  (Epstein, 1975 (Epstein, 1975; DiZio & Tasca, 1977 (Gwatkin, 1969; Petzoldt, Briel, Gottschewski & Neuhoff, 1973) . Similarly, cultured blastocysts can obtain free amino acids when they are maintained in nutritive media, and protein contents rise accordingly (Text- fig. 3 ). On the other hand, in Medium 2, which lacks amino acids, there is only a small net increase in protein content over several days of culture. The failure of embryos to increase protein contents under these conditions cannot be explained solely by their inability to grow out along the culture dish (Sellens & Sherman, 1980) , since embryos cultured in agarose-coated dishes containing medium with amino acids also fail to outgrow but do show large increases in protein content (Text- fig. 3 ). The amino acid pools of embryos cultured in Medium 2 drop to undetectable levels by the end of the culture period. This is consistent with the view that the growth of embryos beyond the mid blastocyst stage depends upon an exogenous supply of amino acids and that de-novo synthesis of amino acids is minimal, at best, under our conditions of culture.
Despite the availability of free amino acids in Medium 3, the rise in protein contents of embryos cultured in this medium is only modest. The relatively high free amino acid/protein ratios throughout most of the culture period (Text- fig. 3c ) suggests that the slow rate of increase in protein content is not due to problems with amino acid uptake. It is possible, therefore, that serum factors other than those provided for the embryos in the albumin and fetuin fractions added to the medium are important as growth-promoting elements (see also Rizzino & Sherman, 1979) . On the other hand, the fact that embryos produce several differentiation markers in this culture medium (Sellens & Sherman, 1980) indicates that growth and differentiation are independently controlled.
